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Sensitivity of Southern Ocean sea-ice simulations 
to different atmospheric forcing algorithms 

By A CHIM STOSSEL, Max-Planck-Institut far Meteorologie, Bundesstrasse 55, 
2000 Hamburg 13, Germany 

(Manuscript received 4 July 1991; in final form 22 June 1992) 

ABSTRACT 

Sea ice is sensitively dependent on the fluxes of energy, mass and momentum between the ocean 
and the atmosphere, making it worth investigating the modification of these fluxes by the respec­
tive boundary layers. Complementary to earlier investigations with a coupled sea-ice-oceanic 
mixed-layer model for the Southern Ocean, the atmospheric forcing in the present investigation 
is changed from monthly, observational data to daily, essentially modelled values computed by 
an operational numerical weather-prediction model. Applying these computations directly as 
atmospheric surface forcing to the sea-ice-oceanic mixed-layer model yields (in first order) 
encouraging results, indicating the general reliability of these data. As a supplement to the 
oceanic mixed-layer model, the fluxes derived from the atmospheric forcing are modified in a first 
step to include the stability dependency of the atmospheric surface-layer. Compared to the 
application of usual adjustment practices, this leads to improved results, especially with respect 
to the ice velocities in divergent ice fields. In the next step, the atmospheric forcing level is raised 
to the geostrophic level thus incorporating the entire atmospheric boundary layer. While the 
forcing fields become less dependent on the prescribed boundary conditions of the weather­
prediction model, the simulations appear to be reasonable only when the near-surface wind 
forcing is applied, the overall roughness length is increased and the large-scale stability is 
reduced. This leads to important implications for coupled atmosphere-sea-ice-ocean models. 

1. Introduction 

Sea ice is an important component in the global 
climate system and thus subject to various modell­
ing efforts. Dynamic-thermodynamic modelling of 
Antarctic sea ice was the issue of several authors 
since 1979. Parkinson and Washington (1979) 
modelled the sea ice around the entire continent 
with highly sophisticated thermodynamics but 
rather crude dynamics. Hibler and Ackley (1983), 
describing the Weddell Sea region, employed 
rheological considerations for the dynamics while 
restricting the thermodynamics. The latter model, 
was extended to include a prognostic oceanic 
mixed layer [OML] by Lemke et al. (1990), a 
prognostic snow layer by Owens and Lemke 
(1990) and, independently, a diagnostic atmo­
spheric boundary layer [ABL] by Koch (1988). 
With the first two extensions, this model was 
finally enlarged to simulate the entire Southern 
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Ocean ice pack by Stossel et al. (1990) (in the 
following referred to as SLO ). 

Simultaneously, sea ice [SI] was implemented 
in oceanic general circulation [ OGC] models in a 
variety of ways (van Ypersele, 1986, Maier-Reimer 
et al., 1991, Manabe et al., 1990, Foreman et al., 
1988), the most sophisticated formulation 
provided by Oberhuber (1990). 

A crucial point concerning sea-ice simulations 
is the strong dependency of the results on the 
specified forcing fields. The sensitivity to the 
oceanic forcing in terms of vertical oceanic heat 
flux was reduced by the employment of an interac­
tive OML model (Lemke et al., 1990). A reduction 
of the sensitivity with respect to the atmospheric 
forcing is the main issue of the present paper. 

Generally, the atmospheric forcing for dynamic­
thermodynamic sea-ice models consists of monthly 
values from climatologies, which are supposed 
to be representative for the atmospheric layer 






































